Background: Focused cardiac ultrasound (FCU) helps detect occult heart disease in human patients.
| INTRODUCTION
Heart disease is a common cause of morbidity and mortality in cats. [1] [2] [3] Some affected cats are perpetually asymptomatic, whereas others experience life-threatening clinical manifestations, including cardiac arrhythmias, arterial thromboembolism, syncope, congestive heart failure, or sudden death. [4] [5] [6] Identifying cats with occult heart disease is difficult in general practice because the diagnostic tools available to the nonspecialist practitioners (NSPs), including physical examination, 1, 2, 5, 7 thoracic radiographs, 5,7-9 ECG, 8, 9 genetic testing, 10, 11 and biomarker measurement, [12] [13] [14] [15] [16] [17] [18] [19] have limitations. For example, the point-of-care N-terminal pro-B-type natriuretic peptide assay (POC-BNP) quickly and reliably detects moderate to severe occult cardiomyopathy in cats. 15 However, false-negative results are possible in cats with mild heart disease, and false-positive results are possible in cats with systemic illness such as chronic kidney disease 20 or noncardiac respiratory disease. 21 Echocardiograms performed by board-certified veterinary cardiology specialists are considered the clinical reference standard for diagnosing cardiomyopathy in cats 5, [22] [23] [24] ; however, most cats do not ever receive an echocardiographic evaluation. 23 Reasons for this include the following: (1) echocardiography requires specialized equipment and advanced technical skills, (2) echocardiography is typically expensive compared with the other available cardiac tests, and (3) there exist a limited number of veterinary cardiologists relative to the number of household cats.
It is therefore not uncommon for cats to present to veterinary hospitals with serious cardiac complications without having any documented history of cardiac disease. [25] [26] [27] Focused cardiac ultrasound (FCU) is defined as "a focused examination of the cardiovascular system performed by a [veterinarian] by using ultrasound as an adjunct to the physical examination to recognize specific ultrasonic signs that represent a narrow list of potential diagnoses in specific clinical settings." 28 In humans, FCU accurately detects left ventricular hypertrophy, left atrial enlargement, systolic dysfunction, and cavitary effusion, among other findings, 28, 29 and when used in conjunction with other diagnostics such as physical examination and ECG, it improves clinical decision-making. 28 In both human patients and in veterinary species in the emergency room setting, focused assessment with sonography for trauma, triage, and tracking protocols help diagnose certain conditions, including cavitary effusions, pleural space disease, and pulmonary disease. [28] [29] [30] [31] [32] [33] [34] [35] Focused cardiac ultrasound is useful for differentiating congestive heart failure from non-cardiac causes of dyspnea in cats. 21 The FCU in the present study is distinct from previously described sonographic protocols due to its use in nonemergent clinical scenarios and its concentration on specific heart structures visualized from a limited number of acquired images. 28, 29 The use of FCU to screen asymptomatic cats for occult cardiac disease has not been previously described. The goal of this study is to evaluate the use of FCU by NSPs to detect important sonographic cardiac features characteristic of occult heart disease in cats. The hypothesis of this study is that the agreement between NSPs and cardiologists regarding the presence or absence of occult heart disease in cats will improve when FCU is performed after physical examination and ECG. 
| MATERIALS AND METHODS

| NSP enrollment
General practice veterinarians, conveniently located near the study centers and with no prior formal cardiac ultrasound training, were recruited to participate in this study via email or telephone to form a cohort of NSPs. Training of the NSPs was modeled after a previously described FCU training course. 36 The protocol for teaching NSPs how to perform FCU included the following: (1) participation in an on-site training session that included a short didactic lesson and a live FCU demonstration by the cardiologist; (2) viewing an online instructional video (https://www. youtube.com/watch?v=I4U8AoxYmok&feature=youtube); and (3) practicing FCU on a cohort of cats with or without cardiologist supervision. The goal of training was to enable NSPs first to obtain adequate right parasternal short axis views of the left atrium and left ventricle and second to subjectively evaluate key cardiac features such as the left atrial size, left ventricular wall thickness, left ventricular contractile function, as well as the presence or absence of cavitary effusions. Nonspecialist practitioners were instructed to decide whether cardiac abnormalities were present using the following guidelines: (1) when looking at the short axis view of the left atrium, if the area of the left atrium is more than 2.5 times the area of the aorta, the diameter of the left atrium is more than 1.5 times the diameter of the aorta, or both, then the left atrium is likely enlarged; (2) when looking at the short axis view of the left ventricle, if the wall thickness is more than 40% of the left ventricle cavity diameter, if there are subjectively prominent papillary muscles, if the left ventricle cavity appears small in systole, or all the three, then the cardiac muscula- Nonspecialist practitioners were encouraged to practice the FCU before enrolling cats in the study until they felt comfortable obtaining the views and identifying abnormalities. The recommended number of FCUs for practice was 25 to 30 cats before enrolling cats in the study. It was anticipated that knowledge regarding the variations of normal atrial size, ventricular function, and wall thickness would be further developed based on these 25 to 30 practice examinations. 
| Study sessions
| NSP cardiac evaluation
Data collection was achieved using a standardized form, and the order in which the diagnostic tests were performed was strictly controlled.
After each of the diagnostic tests, the NSPs were asked whether they thought the cat had heart disease (yes, no, or equivocal). First, the NSP performed a physical examination with cardiac auscultation. Heart rate and respiratory rate as well as the presence of murmurs, gallops, and arrhythmias were recorded. Second, an ECG was obtained via a handheld smartphone device (Alivecor, Mountain View, California) or single or 6-lead ECG machine. The NSPs were instructed to consider the ECG rhythm and the heart rate. Third, FCU was performed by the NSP. The
NSPs were asked to subjectively assess whether left atrial enlargement, left ventricular hypertrophy, cavitary effusions, or decreased contractility were present. Fourth and finally, venous blood was collected for a commercial POC-BNP (Idexx Laboratories, Westbrook, Maine), and the assay result was recorded as negative or positive. After each of the 4 diagnostic steps, and before performing the next diagnostic test, NSPs indicated yes, no, or equivocal as to whether they thought the cat had heart disease based on all the information and diagnostics that had been accumulated up until that point. cardiologists specifically noted the degree of left atrial enlargement and left ventricular hypertrophy as none, mild, moderate, or marked. Based on their findings, the cardiology specialist diagnosed each cat as normal, equivocal, or having heart disease. For those cats with heart disease, the cardiologist reported a subjective interpretation of overall disease severity as mild, moderate, or marked.
| Board-certified cardiologist evaluation
| Statistical analysis
Descriptive statistics of cat demographics and diagnostic findings were generated. Normality of data was tested using Shapiro-Wilk tests and visual inspection of frequency histograms. Comparisons between cat groups were performed either using Kruskal-Wallis tests followed by Wilcoxon rank-sum tests for pairwise comparisons or using one-way analysis of variance followed by pairwise t-tests or
Sidek multiple comparisons tests. The level of agreement between NSPs and cardiologists was determined by calculation of Cohen's kappa. With respect to evaluation of the presence or absence of heart disease after each diagnostic step, NSPs could select 1 of 3 different responses (yes, no, or equivocal). An equivocal response meant that the observer's certainty about the presence of heart disease was between a yes and a no response. To account for the presence of this uncertainty, the prespecified analysis plan called for the use of weighted kappa analyses, 37 whereby concordant diagnoses of yes, no, or equivocal were assigned a weight of 1, discordant diagnoses that involved an equivocal diagnosis by either the NSP or cardiologist were assigned a weight of 0.5, and discordant diagnoses not involving an equivocal diagnosis were assigned a weight of 0. The 3 × 3 table of kappa weights is shown in Figure 1 . For secondary end points involving the level of agreement between dichotomous responses, unweighted kappa analyses of the 2 × 2 table were performed. Levels of agreement based on kappa values were prespecified as follows: poor, 0.00-0.20; slight, 0.21-0.40; moderate, 0.41-0.60; good, 0.61-0.80; very good, 0.81-1.00. 38 To determine the effect of each individual diagnostic test on the number and proportion of cats that received a correct (ie, concordant) or incorrect (ie, discordant) diagnosis, cases were tabulated and assigned to 1 of 4 categories after each diagnostic step as follows:
category C-C, cases with a correct diagnosis both before and after the F I G U R E 1 Kappa weights for analyses of the level of agreement between assessment of the nonspecialist practitioner (NSP) and cardiologist for the presence or absence of heart disease in cats diagnostic test; category I-C, cases with an incorrect diagnosis before The level of agreement between the NSP and the cardiologist's reference diagnosis after each diagnostic step is shown in Table 3 .
After physical examination, agreement between the NSP and cardiol- The level of agreement after POC-BNP was not significantly different versus the previous step (P = .67).
Agreement between the NSP and cardiologist after each diagnostic step is shown in Figure 2 . The presence or absence of select physical examination and qualitative FCU findings along with the associated level of agreement between the NSP and the cardiologist in detecting these findings is shown in Table 4 . Heart murmurs were commonly heard in cats with heart disease as well as in normal cats by both types of examiners.
The detection of arrhythmias on physical examination or ECG was uncommon. There was moderate agreement between the NSP and cardiologist regarding the presence of a heart murmur, slight After performing ECG, the NSP changed the diagnosis from an incorrect one to correct one in 21 cats and from a correct to incorrect diagnosis in 17 cats; 102 cats had a correct diagnosis and 137 cats had an incorrect diagnosis both before and after ECG diagnosis. The NSP then performed FCU, after which the diagnosis was changed from an incorrect one to a correct one in 79 cats and from a correct to incorrect one in 27 cats; 97 cats had a correct diagnosis and 75 cats had an incorrect diagnosis both before and after FCU diagnosis. After performing POC-BNP, the NSP diagnosis was changed from an incorrect one to a correct one in 24 cats and from a correct to incorrect diagnosis in 22 cats; 156 cats had a correct diagnosis and 85 cats had an incorrect diagnosis both before and after FCU diagnosis T A B L E 4 Proportion of cats assessed as having selected physical examination or ultrasound findings based on whether the examiner was the NSP or the cardiologist and the level of agreement (kappa) and 95% confidence intervals between the 2 examiner types across the study cohort were carried into the multivariable model. Following backward selection, 3 variables, including the presence of a murmur, increased interventricular septum thickness at end-diastole (IVSd), and increased left atrium to aortic root dimension ratio (LA:Ao), were found to independently predict a diagnosis of heart disease by the NSP after FCU.
The presence of a heart murmur increased the likelihood of the NSP diagnosing heart disease after FCU 11.8 (95% CI, 5.15-27.0; P < .001)
times. For every 0.1 cm increase in the IVSd, the likelihood increased by 3.66 (2.31-5.78; P < .001) times, and for every 0.1 increase in the LA:
Ao, the likelihood of increased by 1.42 (1.19-1.70; P < .001) times.
| DISCUSSION
This study reports the utility of FCU performed by NSPs for the detection of occult heart disease in cats. The results of the present study are in general agreement with studies investigating the use of FCU as a diagnostic modality in human patients. Focused cardiac ultrasound is used to screen populations of young athletes for predisposing factors of sudden death 40, 41 ; screen resource-limited populations for evidence of rheumatic heart disease, hypertension, or other cardiac abnormalities 42, 43 ; and identify cardiacrelated anesthetic risk factors in patients preoperatively. 44, 45 The
World Interactive Network Focused on Critical UltraSound stated that FCU used in asymptomatic human populations shows, "promise in detecting unexpected relevant cardiac abnormalities" and made a strong recommendation that FCU "is useful in screening human patients at risk for cardiovascular disease." 29 An important aspect of our study was its ability to assess the sequential and additive value of various diagnostic tests to the NSP's evaluation. The study design enabled quantification of the added benefit of each test as opposed to evaluation of each test in isolation.
This approach more closely mimics how a NSP would evaluate cats in general practice, first by performing physical examination, possibly followed by an ECG, and then by performing FCU to determine whether more intensive examination by a cardiologist would be warranted. Our results are consistent with previous reports that found physical examination 1,2 and ECG 7-9 to be unreliable in diagnosing heart disease in cats. In our study, physical examination alone as well as physical examination plus ECG performed poorly in detecting occult disease.
The greatest incremental benefit with regard to diagnostic accuracy came from performing FCU. The ability of FCU to improve the detection of heart disease in cats compared with physical examination and ECG is consistent with what has been shown in human medicine. 28, 29, 46 For example, FCU significantly improves the diagnostic accuracy of medical students and junior doctors in identification of various abnormalities, including the left and right ventricular systolic dysfunction, valvular changes, pericardial effusions, and aortic root dilatation when it is performed after history taking, physical examination, and ECG. 46 Agreement between the medical student or junior doctor and the cardiologist significantly increases from moderate (kappa of 0.49 ± 0.22) after history, physical examination, and ECG to good (kappa of 0.75 ± 0.28) after FCU is performed. 46 In the current study, NSP diagnostic accuracy after POC-BNP was not significantly increased compared with diagnostic accuracy after In the present study, agreement between the NSP and the cardiologist regarding the diagnosis of heart disease after FCU significantly improved despite a level of agreement for individual echocardiographic variables, such as the presence of left atrial enlargement or left ventricular hypertrophy, which was less than in studies of human patients. [48] [49] [50] [51] [52] [53] [54] [55] [56] These results suggest that the NSPs in our study considered a variety of different variables, both FCU and non-FCU based, in making their diagnosis. Indeed, our exploratory analysis indicated that the 3 most influential variables leading NSPs to diagnose heart disease included the presence or absence of a heart murmur as well as the left atrial size and thickness of the interventricular septum. In our study, NSPs were relatively good at identifying cats with severe wall thickening but were not consistently able to identify cats with mild wall thickening. Therefore, some cats with mild heart disease will be missed by FCU. Although a full echocardiogram is recommended for cats with findings that are questionable or suggestive of heart disease, not all cats will receive follow-up with a cardiologist due to logistical or financial limitations. The usefulness of serial FCUs to monitor cats for progression into the moderate or marked stage of disease could be considered an area for future study.
In many respects, the current study evaluated the effectiveness (as opposed to the efficacy) of FCU-based detection of occult heart disease in cats. In general, efficacy refers to the utility of an intervention under ideal circumstances, whereas effectiveness refers to the utility under less than ideal (ie, "real-world") circumstances. 57 Important "real-world" aspects of the current study involved training of personnel that had little or no experience with cardiac ultrasonography.
Practitioners in general practice were particularly recruited, as this is the population of veterinarians most likely to perform FCU-based screening for occult heart disease. NSPs performed FCU using ultrasound machines that existed in their practices, the vast majority of which were small portable general-purpose machines. Cats can be difficult to restrain, and the study found that FCU could not be performed on 15.7% of the enrolled cases due to either fractious temperament or inability of the NSP to obtain images suitable for interpretation. Despite these less-than-ideal conditions, FCU improved the detection of occult disease. Studies in human medicine suggest that FCU improves the accuracy of clinical diagnosis regardless of whether or not the person performing the examination has extensive experience with ultrasound imaging. 29, 46, 52, 54 Further study might investigate whether alternate training methods or more experience can lower the rate of inadequate FCU examinations or improve the diagnostic accuracy of FCU in cats.
Our study had several limitations. Diagnosing mild forms of heart disease in cats is difficult due to substantial overlap between pathology and normal physiology, especially in geriatric cats. 5, 22, 24, 58 Echocardiography is the clinical norm for antemortem diagnosis and is commonly used as the gold standard in clinical studies. 39 important aspect that warrants further study.
In conclusion, FCU performed by NSPs significantly increased the differentiation of cats with occult heart disease that had previously received physical examination and ECG. A high proportion of cats diagnosed with moderate to marked occult disease were detected by FCU. Focused cardiac ultrasound performed by NSPs is a practicable and helpful diagnostic tool, and further study of FCU is warranted.
